Study design: Survey. Objectives: To determine whether upper extremity reconstruction in patients with tetraplegia is underutilized internationally and, if so, what are the barriers to care. Setting: International-attendees of a meeting in Paris, France. Methods: One hundred and seventy attendees at the Tetrahand meeting in Paris in 2010 were sent a 13-question survey to determine the access and utilization of upper limb reconstruction in tetraplegic patients in their practice. Results: Respondents ranged the globe including North America, South America, Europe, Asia and Australia. Fifty-nine percent of respondents had been practicing for more than 10 years. Sixty-four percent of respondents felt that at least 25% of people with tetraplegia would be candidates for surgery. Yet the majority of respondents found that o15% of potential patients underwent upper extremity reconstruction. Throughout the world direct patient referral was the main avenue of surgeons meeting patients with peer networking a distant second. Designated as the top three barriers to this care were lack of knowledge of surgical options by patients, lack of desire for surgery and poor referral patterns to appropriate upper extremity surgeons.
INTRODUCTION
Spinal cord injury (SCI) profoundly alters a person's life. After injury, a priority for people with tetraplegia is to increase their independence. 1-3 A key component to degree of independence for these people is how much residual upper extremity function remains. 4, 5 Multiple procedures exist to improve the upper extremity function of those with tetraplegia including procedures to restore elbow extension, wrist extension and grasp. Jaspers Focks-Feenstra et al. 6 demonstrated long-term patient satisfaction after upper extremity surgery for patients with tetraplegia. Wangdell studied satisfaction and performance after grip reconstruction in patients with tetraplegia. 7 Patients reported 38% of tasks (that is, writing, sewing, buttoning) as impossible to perform before surgery. After surgery, patients were able to perform 78% of these tasks and rated 11% as 'able to do extremely well'. Despite these favorable results, in the United States these procedures are underutilized with only 14% of appropriate candidates receiving upper extremity reconstruction. 8 There are likely many reasons for this underutilization including patient factors such as not wanting the increased dependence for the rehabilitation after surgery, waiting for a cure and lack of knowledge. Other barriers to care are at the physician level. A survey of physiatrists and surgeons found that referring physicians had concerns about the efficacy and safety of surgery. 9 A second study demonstrated that many patients were simply uninformed about this option and those who did know had a negative impression of the available surgeries. 10 Anderson et al. 11 found a similar lack of knowledge about upper extremity reconstruction options among patients with tetraplegia.
The work on utilization of upper extremity in tetraplegia has been focused upon in the United States. The physician barriers seemed to be an important contributor but the US also has a unique health care system, which may present other barriers to care (lack of health insurance, low reimbursement, and so on). If the barrier is at the physician or patient level, then this underutilization may be an international phenomenon. This study hypothesized that the same barriers to care for this population exist internationally regardless of health system of structure. This survey's goal was to gain a worldwide perspective on the utilization of upper extremity reconstruction, barriers to care and ways to improve access.
MATERIALS AND METHODS Participants
The survey was sent to 170 attendees at an international upper extremity tetraplegia course in Paris in 2010. The attendees included surgeons, physiatrists, therapists and neurologists. This meeting was geared to practitioners actively caring for the upper limbs of SCI patients.
Survey
This was a 13-question survey sent via electronic mail (Figure 1 ). The questions were designed to address perceptions of the access and utilization of upper limb reconstruction in patients with tetraplegia. The study was approved by the Institutional Review Board. The need for formal consent was waived as completion of the survey was implied consent. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
Analysis
Responses for multiple-choice questions were counted and divided by the total number of responses received to determine percentages. Answers to openended questions were reviewed by two independent reviewers for clarity. Free responses were grouped for analysis when similar words or phrases were identified within a response. For example, 'educate physiatrists', 'improve awareness of PTs and OTs' and 'educate doctors and therapists who take care of the acute injury' were all grouped together as educate referring practitioners. The analysis was simple descriptive statistics and percentages were used to present the data.
RESULTS
Fifty-two of 170 surveys were completed for a 30% response rate. Respondents ranged the globe including North America, South America, Europe, Asia and Australia. The distribution of represented countries is shown in Table 1 . Fifty-two percent of responses were from surgeons, whereas 21% and 15% were from therapists and physiatrists, respectively. Fifty-nine percent of respondents had been practicing for more than 10 years with over 17% having more than 20 years of experience. Seventy-one percent of respondents worked in a spinal cord or rehabilitation center. Direct referral and patient networking were the two most common routes by which patients found providers for care.
The responses indicated a disconnect between patient candidacy for upper extremity reconstruction and actual receipt of the surgery. Sixtyfour percent of respondents felt that at least 25% of people with tetraplegia would be candidates for surgery. Yet the majority of respondents found that o15% of potential patients underwent upper extremity reconstruction ( Figure 2 ).
The top three barriers to upper limb surgery were felt to be lack of knowledge of surgical options by patients (ranked in the top 3 by 80% of respondents), lack of desire for surgery (90%) and poor referral patterns to appropriate upper extremity surgeons (74%). Other possible choices (lack of willing surgeons, financial concerns or other) ranked in the top 3 for o21% of respondents. Upper extremity tetraplegia care PM Fox et al include 'good cooperation between hand surgeon and physiatrist on spinal cord team' and 'relationship between spinal physicians/consultants and hand surgeons to ensure quality care'. In addition, better patient education regarding available options ('good patient education' and 'information to patients at the first rehab period') and early referral to hand surgeons ('Early hand surgery clinic pre-assessment prior to discharge following 1st post-acute rehab') were noted as ways to improve these patients' access to upper limb surgery. Although multiple respondents felt that Internet information and patient networking both in person and electronically were important ways to improve patient education about available reconstructive options, physician visits were also deemed critical as each patient would need a customized reconstruction plan.
DISCUSSION
Barriers to care exist in all specialties and many patient populations. This study suggests that underutilization of surgical rehabilitation of the upper limb for people with tetraplegia is an international phenomena. This sense that optimal patients are not receiving care persists even in countries that have minimized the cost barrier with centralized health care. For example, one of our survey respondents stated that problems with cost did not exist in their country and 'all patients that want (an) operation will have that possibility.' However, other barriers seem to exist regardless of the patient's country and its payment system. These barriers include lack of patient education and weak interdisciplinary connections between specialties who care for these complex patients. These data suggest that improving utilization of this care may not require restructuring of a nation's health care system but instead requires improving communication at the patient and provider level. The patient level barriers can span from lack of knowledge to physical barriers, such as no handicap parking. Many respondents in this study identified lack of patient education as a common barrier (that is, patients were unaware of the treatment). Matter et al. 12 surveyed SCI patients to determine their preferred route and source of information regarding health care. Patients preferred if the sources of information were a SCI expert/rehabilitation specialist, information via the Internet or in person. To improve SCI patient education on treatment options for the upper limb, the first step is awareness that procedure exists, but they must also understand the risks and potential benefits. This information needs to be conveyed in clear language and written education should consider patient's literacy levels. 13, 14 Other teaching avenues, such as patients educating patients could supplement face-to-face interactions with physicians and written material.
Multiple respondents to our survey indicated that a mandatory referral to an upper extremity reconstruction specialist after a SCI would improve access. There are clinical practice guidelines for care of the SCI upper limb, such as the Paralyzed Veterans of America guidelines. Inclusion of a recommendation for the newly injured patient to consult with a hand surgeon may be one area to improve utilization of care. 15 Although this may be straightforward in some health care systems where specialists and primary care providers are tightly linked, other systems may need to build and bolster the relationships between specialists and primary care providers function.
Sweden has a coordinated system of SCI care and respondents from Sweden reported no barriers to care for patients desiring upper extremity reconstruction. In Stockholm, Sweden, there is an established SCI care program consisting of one hospital-based Spinal Injury Unit, two inpatient rehabilitation centers and one outpatient clinic for lifelong follow-up. In a series of recent articles Divanoglou et al. [16] [17] [18] [19] have compared outcomes after traumatic SCI in Sweden to the more fragmented system in Greece. The Swedish group noted improved survival, decreased length of stay and earlier surgical intervention with fewer readmissions compared with the Greek group. This series highlights some of the benefits that can be obtained from coordinated SCI care.
Another barrier noted by our respondents was a lack of understanding of the procedures by the nonsurgical referring physicians. Some US SCI physicians reported there was 'no benefit' or surgery was 'hard to justify' and this international survey found referral barriers also exist outside the US. 9, 20 It is within our means to improve education and communication between surgeons and physiatrists and physical therapists who work closely with the tetraplegic population. One possible route would be to add an educational requirement for those residents specializing in SCI on upper extremity surgery and its outcomes. Curtin et al. 9 demonstrated that physiatrists exposed to upper extremity reconstruction during residency were significantly more likely to believe that the risk of surgery were worth the benefits when compared with their colleagues who lacked this early exposure. Publishing in the literature of other specialties who work with people with tetraplegia is important for imparting research between groups. Multispecialty conferences focusing on the coordinated care of SCI patients are another way to share knowledge. The results of our survey suggest a link between each of the barriers to care. Perhaps breaking through one will create a domino effect and clear the path towards improved utilization of upper extremity reconstruction. On the basis of this survey, we know the primary way patients with tetraplegia access care is through the direct referral from another provider. Multiple physicians and therapists do not know of the options for upper extremity reconstruction and, if they do, many are unaware of their positive long-term outcomes. These providers are, therefore, unlikely to refer their patients to a specialist for evaluation. Patients are also unaware of the options available to them and the significant impact that surgical reconstruction could have on their life. Improving knowledge is central to improving access to this care.
Several weaknesses are present in this study. As a survey-based study, it is dependent on respondents for the data. With a response rate of only 30%, we likely experienced selection bias in the respondents. Those that feel passionate (either positively or negatively) about a topic may be the most likely to respond. In addition, we solicited respondents' thoughts as part of their answers, which creates a level of subjectivity in the responses. This open-ended questioning provides information to help direct future more-refined interventions.
We may not be able to increase the number of reconstructive hand surgeons or change cost barriers internationally, but we can advance care by improving education and communication between health care providers, therapists and patients around the world. The subjective nature of this survey provides a starting point; an objective study of referral patterns in areas deemed to have both effective and ineffective surgeon/physiatrist relationships would help better highlight the challenges we need to overcome.
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